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Abstract	 ﾠ
This	 ﾠ paper	 ﾠ deals	 ﾠ with	 ﾠ pain	 ﾠ anticipation	 ﾠ experienced	 ﾠ before	 ﾠ
medical	 ﾠ procedures.	 ﾠO u r 	 ﾠe x p e r i m e n t a l 	 ﾠr e s u l t s 	 ﾠs h o w 	 ﾠt h a t 	 ﾠ
individuals	 ﾠwith	 ﾠlower	 ﾠdiscount	 ﾠfactors	 ﾠare	 ﾠmore	 ﾠprone	 ﾠto	 ﾠsuffer	 ﾠ
pain	 ﾠ in	 ﾠ advance.	 ﾠ We	 ﾠ provide	 ﾠ a	 ﾠ framework	 ﾠ to	 ﾠ rationalize	 ﾠ the	 ﾠ
connection	 ﾠbetween	 ﾠpain	 ﾠanticipation	 ﾠand	 ﾠimpatience.	 ﾠIn	 ﾠthis	 ﾠset	 ﾠ
up,	 ﾠ more	 ﾠ impatient	 ﾠ subjects,	 ﾠ who	 ﾠ only	 ﾠ value	 ﾠ very	 ﾠ near	 ﾠ events,	 ﾠ
take	 ﾠ into	 ﾠ account	 ﾠ mainly	 ﾠ the	 ﾠ negative	 ﾠ effects	 ﾠ of	 ﾠ medical	 ﾠ
procedures	 ﾠ(just	 ﾠthe	 ﾠcosts)	 ﾠwhereas	 ﾠmore	 ﾠpatient	 ﾠindividuals	 ﾠhave	 ﾠ
a	 ﾠnet	 ﾠpositive	 ﾠvaluation	 ﾠof	 ﾠmedical	 ﾠevents	 ﾠ(given	 ﾠthat	 ﾠthey	 ﾠvalue	 ﾠ
both	 ﾠ the	 ﾠ cost	 ﾠ incurred	 ﾠ now	 ﾠ and	 ﾠ all	 ﾠ the	 ﾠ benefits	 ﾠ accrued	 ﾠ in	 ﾠ the	 ﾠ
future).	 ﾠ
I	 ﾠMOTIVATION	 ﾠ
This	 ﾠpaper	 ﾠshows	 ﾠan	 ﾠexample	 ﾠof	 ﾠhow	 ﾠexperimental	 ﾠeconomics	 ﾠ(time	 ﾠdiscounting	 ﾠ
behavior)	 ﾠ might	 ﾠ shed	 ﾠ some	 ﾠ light	 ﾠ in	 ﾠ the	 ﾠ analysis	 ﾠ of	 ﾠ a	 ﾠ medical	 ﾠ problem,	 ﾠ pain	 ﾠ
anticipation	 ﾠ experienced	 ﾠ before	 ﾠ medical	 ﾠ procedures.	 ﾠ Time	 ﾠ preferences	 ﾠ reflect	 ﾠ
subjects’	 ﾠtastes	 ﾠtoward	 ﾠthe	 ﾠpresent	 ﾠversus	 ﾠthe	 ﾠfuture	 ﾠand	 ﾠdetermine	 ﾠintertemporal	 ﾠ
choices	 ﾠwhich	 ﾠinvolve	 ﾠa	 ﾠtradeoff	 ﾠbetween	 ﾠcosts	 ﾠand	 ﾠbenefits	 ﾠthat	 ﾠoccur	 ﾠover	 ﾠtime	 ﾠ
(see	 ﾠLaibson,	 ﾠ1997).	 ﾠWe	 ﾠwill	 ﾠuse	 ﾠan	 ﾠexperimental	 ﾠtime	 ﾠdiscounting	 ﾠtest	 ﾠto	 ﾠcheck	 ﾠ
whether	 ﾠ personal	 ﾠ attitudes	 ﾠ towards	 ﾠ the	 ﾠ future	 ﾠ are	 ﾠ correlated	 ﾠ with	 ﾠ pain	 ﾠ
anticipation.	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 ﾠRecent	 ﾠstudies	 ﾠsuggest	 ﾠthat	 ﾠthere	 ﾠare	 ﾠpsychological	 ﾠand	 ﾠneuronal	 ﾠmechanisms	 ﾠthat	 ﾠ
determine	 ﾠintertemporal	 ﾠchoice	 ﾠ(Wittman	 ﾠ&	 ﾠPaulus,	 ﾠ2009).	 ﾠTime	 ﾠpreferences	 ﾠare	 ﾠ
related	 ﾠ to	 ﾠ impulsive	 ﾠ or	 ﾠ impatient	 ﾠ behavior	 ﾠ and	 ﾠ it	 ﾠ is	 ﾠ argued	 ﾠ that	 ﾠ people	 ﾠ who	 ﾠ
maintain	 ﾠunhealthy	 ﾠlifestyles	 ﾠ(that	 ﾠis,	 ﾠsmoke,	 ﾠeat	 ﾠjunk	 ﾠfoods,	 ﾠare	 ﾠsport-ﾭ‐averse,	 ﾠetc.)	 ﾠ
seldom	 ﾠplace	 ﾠa	 ﾠhigh	 ﾠpremium	 ﾠon	 ﾠthe	 ﾠfuture	 ﾠquality	 ﾠof	 ﾠtheir	 ﾠlives	 ﾠand	 ﾠtypify	 ﾠan	 ﾠ
impatient	 ﾠ personality.	 ﾠ In	 ﾠ other	 ﾠ words,	 ﾠ they	 ﾠ prefer	 ﾠ good	 ﾠ lives	 ﾠ now	 ﾠ to	 ﾠ a	 ﾠ higher	 ﾠ
quality	 ﾠof	 ﾠtheir	 ﾠlives	 ﾠlater	 ﾠ(Cutler	 ﾠ&	 ﾠGlaeser	 ﾠ2005,	 ﾠBudría	 ﾠet	 ﾠal.	 ﾠ2010).	 ﾠ
Recent	 ﾠmedical	 ﾠresearch	 ﾠon	 ﾠnocebo	 ﾠresponse	 ﾠ–the	 ﾠsubject’s	 ﾠnegative	 ﾠexpectation	 ﾠof	 ﾠ
pain	 ﾠ worsening-ﾭ‐	 ﾠs h o w s 	 ﾠt h e 	 ﾠc r u c i a l 	 ﾠr o l e 	 ﾠo f 	 ﾠa n x i e t y 	 ﾠo n 	 ﾠp a i n 	 ﾠp e r c e p t i o n 	 ﾠ( a n d 	 ﾠ
reporting).	 ﾠIt	 ﾠhas	 ﾠbeen	 ﾠfound	 ﾠthat	 ﾠanxiety	 ﾠtriggers	 ﾠthe	 ﾠactivation	 ﾠof	 ﾠcholecystokinin	 ﾠ
that,	 ﾠ in	 ﾠ turn,	 ﾠ facilitates	 ﾠ pain	 ﾠ transmission	 ﾠ (see	 ﾠ Colloca	 ﾠ &	 ﾠ Benedetti	 ﾠ 2007).	 ﾠ
Additionally,	 ﾠnocebo	 ﾠresponse	 ﾠis	 ﾠassociated	 ﾠto	 ﾠthe	 ﾠfunctioning	 ﾠand	 ﾠefficiency	 ﾠof	 ﾠthe	 ﾠ
reward	 ﾠsystem	 ﾠ(Enck	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠThese	 ﾠnegative	 ﾠexpectations	 ﾠincrease	 ﾠtheir	 ﾠlevel	 ﾠ
of	 ﾠ anxiety	 ﾠ and	 ﾠ consequently	 ﾠ they	 ﾠ trigger	 ﾠ an	 ﾠ activation	 ﾠ which	 ﾠ generates	 ﾠ pain	 ﾠ
transmission.	 ﾠ
Our	 ﾠexperimental	 ﾠresults	 ﾠshow	 ﾠthat	 ﾠpresent	 ﾠoriented	 ﾠindividuals	 ﾠ(impatient	 ﾠpeople)	 ﾠ
are	 ﾠmore	 ﾠprone	 ﾠto	 ﾠsuffer	 ﾠpain	 ﾠin	 ﾠadvance.	 ﾠThis	 ﾠsuggests	 ﾠthat	 ﾠtime	 ﾠpreferences	 ﾠmay	 ﾠ
be	 ﾠa	 ﾠcomplementary	 ﾠexplanation	 ﾠto	 ﾠanxiety	 ﾠbefore	 ﾠmedical	 ﾠprocedures	 ﾠ(Colloca	 ﾠ&	 ﾠ
Benedetti	 ﾠ2007).	 ﾠWe	 ﾠprovide	 ﾠa	 ﾠframework	 ﾠto	 ﾠrationalize	 ﾠthe	 ﾠconnection	 ﾠbetween	 ﾠ
pain	 ﾠanticipation	 ﾠand	 ﾠimpatience.	 ﾠIn	 ﾠthis	 ﾠset	 ﾠup,	 ﾠmore	 ﾠimpatient	 ﾠsubjects,	 ﾠwho	 ﾠonly	 ﾠ
value	 ﾠvery	 ﾠnear	 ﾠevents,	 ﾠtake	 ﾠinto	 ﾠaccount	 ﾠmainly	 ﾠthe	 ﾠnegative	 ﾠeffects	 ﾠof	 ﾠmedical	 ﾠ
interventions	 ﾠ(just	 ﾠthe	 ﾠcosts)	 ﾠwhereas	 ﾠmore	 ﾠpatient	 ﾠindividuals	 ﾠhave	 ﾠa	 ﾠnet	 ﾠpositive	 ﾠ
valuation	 ﾠof	 ﾠmedical	 ﾠevents	 ﾠ(given	 ﾠthat	 ﾠthey	 ﾠconsider	 ﾠboth	 ﾠthe	 ﾠcost	 ﾠincurred	 ﾠnow	 ﾠ
and	 ﾠall	 ﾠthe	 ﾠbenefits	 ﾠaccrued	 ﾠin	 ﾠthe	 ﾠfuture).	 ﾠOur	 ﾠresults	 ﾠare	 ﾠconsistent	 ﾠwith	 ﾠthe	 ﾠidea	 ﾠ
of	 ﾠ a	 ﾠ subjective	 ﾠ perception	 ﾠ of	 ﾠ time	 ﾠ as	 ﾠ the	 ﾠ basis	 ﾠ for	 ﾠ temporal	 ﾠ discounting	 ﾠ (see	 ﾠ
Brañas-ﾭ‐Garza	 ﾠet	 ﾠal.	 ﾠ2010,	 ﾠWittmann	 ﾠ&	 ﾠPaulus	 ﾠ2008).	 ﾠ
	 ﾠ
II	 ﾠTHEORETICAL	 ﾠBACKGROUND	 ﾠ
In	 ﾠthis	 ﾠsection	 ﾠwe	 ﾠpresent	 ﾠthe	 ﾠtheoretical	 ﾠrelationship	 ﾠbetween	 ﾠtime	 ﾠdiscounting	 ﾠ
and	 ﾠpain	 ﾠanticipation.	 ﾠTo	 ﾠdo	 ﾠso,	 ﾠlet	 ﾠus	 ﾠconsider	 ﾠthe	 ﾠcase	 ﾠof	 ﾠan	 ﾠindividual	 ﾠthat	 ﾠat	 ﾠ
moment	 ﾠ t	 ﾠ (today)	 ﾠ values	 ﾠ the	 ﾠ potential	 ﾠ benefits	 ﾠ of	 ﾠ going	 ﾠ through	 ﾠ a	 ﾠ medical	 ﾠprocedure	 ﾠ -ﾭ‐surgery,	 ﾠ dentist,	 ﾠ etc.-ﾭ‐	 ﾠ tomorrow,	 ﾠ say	 ﾠ t+1.	 ﾠ This	 ﾠ subject	 ﾠ will	 ﾠ compute	 ﾠ
today	 ﾠboth	 ﾠthe	 ﾠcost	 ﾠof	 ﾠthe	 ﾠmedical	 ﾠprocedure	 ﾠ(in	 ﾠterms	 ﾠof	 ﾠwellbeing	 ﾠreduction	 ﾠdue	 ﾠ
to	 ﾠpain)	 ﾠand	 ﾠthe	 ﾠfuture	 ﾠbenefits	 ﾠin	 ﾠwellbeing	 ﾠat	 ﾠt+2,	 ﾠt+3,	 ﾠ...,	 ﾠT	 ﾠ(see	 ﾠGolub	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠ
Figure	 ﾠ1	 ﾠillustrates	 ﾠthis	 ﾠidea.	 ﾠ
Fig.	 ﾠ1:	 ﾠTemporal	 ﾠProspect	 ﾠ
	 ﾠ
In	 ﾠour	 ﾠapproach,	 ﾠthe	 ﾠkey	 ﾠissue	 ﾠis	 ﾠhow	 ﾠsubjects	 ﾠvalue	 ﾠthis	 ﾠtemporal	 ﾠprospect	 ﾠof	 ﾠ
length	 ﾠT-ﾭt.	 ﾠWe	 ﾠuse	 ﾠLaibson	 ﾠ(1997)	 ﾠapproximation,	 ﾠwhere	 ﾠthe	 ﾠutility	 ﾠof	 ﾠeach	 ﾠsubject,	 ﾠ
at	 ﾠmoment	 ﾠt,	 ﾠdepends	 ﾠon	 ﾠthe	 ﾠwellbeing	 ﾠ(utility	 ﾠof	 ﾠconsumption)	 ﾠof	 ﾠtomorrow	 ﾠt+1	 ﾠ
and	 ﾠ subsequent	 ﾠp e r i o d s 	 ﾠt+ τ	 ﾠ (τ	 ﾠ= 1 . . . T-ﾭt)	 ﾠd i s c o u n t e d 	 ﾠb y 	 ﾠδ
τ	 ﾠa n d 	 ﾠwhere	 ﾠp a r a meter	 ﾠ
β∈[0,1]	 ﾠcaptures	 ﾠthe	 ﾠpreference	 ﾠfor	 ﾠimmediate	 ﾠrewards:	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ (1)	 ﾠ
=	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ (2)	 ﾠ
Equation	 ﾠ (1)	 ﾠ is	 ﾠ the	 ﾠ original	 ﾠ expression	 ﾠ and	 ﾠ (2)	 ﾠ separates	 ﾠ the	 ﾠ day	 ﾠ of	 ﾠ the	 ﾠ
intervention	 ﾠ(t+1)	 ﾠfrom	 ﾠthe	 ﾠrest	 ﾠ(t+2,	 ﾠt+3,	 ﾠ...,	 ﾠT),	 ﾠto	 ﾠaccount	 ﾠfor	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠcosts	 ﾠare	 ﾠ
incurred	 ﾠ in	 ﾠ t+1	 ﾠa n d 	 ﾠb e n e f i t s 	 ﾠa c c r u e 	 ﾠi n 	 ﾠt+2,	 ﾠ t+3,	 ﾠ ...,	 ﾠ T.	 ﾠ Note	 ﾠ that	 ﾠ both	 ﾠ costs	 ﾠ and	 ﾠ
benefits	 ﾠare	 ﾠnot	 ﾠimmediate	 ﾠso	 ﾠthat	 ﾠboth	 ﾠare	 ﾠaffected	 ﾠby	 ﾠβ;	 ﾠan	 ﾠindividual	 ﾠconcerned	 ﾠ
only	 ﾠby	 ﾠimmediate	 ﾠrewards	 ﾠ(β=0)	 ﾠwould	 ﾠnot	 ﾠanticipate	 ﾠpain	 ﾠin	 ﾠt.	 ﾠPain	 ﾠanticipation	 ﾠ
in	 ﾠt	 ﾠis	 ﾠrelated	 ﾠto	 ﾠdiscount	 ﾠ(δ).	 ﾠFigure	 ﾠ2	 ﾠillustrates	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠdiscounting	 ﾠ(δ)	 ﾠon	 ﾠthe	 ﾠ
valuation	 ﾠof	 ﾠfuture	 ﾠprospects.	 ﾠ
In	 ﾠFigure	 ﾠ2	 ﾠwe	 ﾠcompare	 ﾠthe	 ﾠevaluation	 ﾠof	 ﾠfuture	 ﾠevents	 ﾠβδ
τ	 ﾠfor	 ﾠdifferent	 ﾠvalues	 ﾠof	 ﾠδ,	 ﾠ
ranging	 ﾠ from	 ﾠ hardly	 ﾠ impatient	 ﾠ subjects	 ﾠ (δ=0.1)	 ﾠ to	 ﾠ highly	 ﾠ patient	 ﾠ individuals	 ﾠ
(δ=0.999),	 ﾠfor	 ﾠβ=1.	 ﾠIt	 ﾠis	 ﾠeasy	 ﾠto	 ﾠcheck	 ﾠthat	 ﾠpatient	 ﾠsubjects	 ﾠvalue	 ﾠeven	 ﾠvery	 ﾠdistant	 ﾠoutcomes	 ﾠwhereas	 ﾠimpatient	 ﾠindividuals	 ﾠgive	 ﾠvery	 ﾠlow	 ﾠ(or	 ﾠno)	 ﾠvalue	 ﾠto	 ﾠrelatively	 ﾠ
close	 ﾠevents.	 ﾠ	 ﾠ
Fig.	 ﾠ2:	 ﾠTemporal	 ﾠvaluation	 ﾠ
	 ﾠ
In	 ﾠwords,	 ﾠa	 ﾠmyopic	 ﾠsubject	 ﾠ(δ	 ﾠ=0.1)	 ﾠwill	 ﾠvalue	 ﾠ“only”	 ﾠthe	 ﾠcost	 ﾠof	 ﾠthe	 ﾠsurgery	 ﾠat	 ﾠt+1	 ﾠ
(and	 ﾠwill	 ﾠput	 ﾠvery	 ﾠlittle	 ﾠweight	 ﾠon	 ﾠany	 ﾠfuture	 ﾠbenefit	 ﾠat	 ﾠperiods	 ﾠt+τ)	 ﾠwhereas	 ﾠa	 ﾠ
future-ﾭ‐oriented	 ﾠindividual	 ﾠwill	 ﾠvalue	 ﾠboth	 ﾠthe	 ﾠcost	 ﾠat	 ﾠt+1	 ﾠand	 ﾠall	 ﾠthe	 ﾠsubsequent	 ﾠ
benefits	 ﾠat	 ﾠt+τ.	 ﾠIn	 ﾠsum,	 ﾠa	 ﾠfuture	 ﾠminded	 ﾠindividual	 ﾠcould	 ﾠvalue	 ﾠpositively	 ﾠa	 ﾠmedical	 ﾠ
intervention	 ﾠ(given	 ﾠthat	 ﾠit	 ﾠis	 ﾠalready	 ﾠprescribed	 ﾠby	 ﾠa	 ﾠphysician)	 ﾠwhereas	 ﾠa	 ﾠpresent	 ﾠ
oriented	 ﾠsubject	 ﾠcould	 ﾠcompute	 ﾠonly	 ﾠthe	 ﾠpain.	 ﾠ
	 ﾠ
III	 ﾠVARIABLES	 ﾠ&	 ﾠEXPERIMENTAL	 ﾠPROCEDURES	 ﾠ
Our	 ﾠ first	 ﾠ core	 ﾠ variable	 ﾠ –discounting-ﾭ‐	 ﾠi s 	 ﾠusually	 ﾠ obtained	 ﾠ through	 ﾠ a	 ﾠ simple	 ﾠ
experimental	 ﾠ mechanism	 ﾠ( s e e 	 ﾠV i s c u s i 	 ﾠe t 	 ﾠa l . , 	 ﾠ2 0 0 8 ) :	 ﾠ the	 ﾠ individual	 ﾠ is	 ﾠ asked	 ﾠ to	 ﾠ
choose	 ﾠbetween	 ﾠa	 ﾠgiven	 ﾠamount	 ﾠof	 ﾠmoney	 ﾠat	 ﾠmoment	 ﾠt,	 ﾠmt	 ﾠ,	 ﾠversus	 ﾠa	 ﾠlarger	 ﾠamount	 ﾠ
MT	 ﾠ	 ﾠ= mt	 ﾠ+ b	 ﾠat	 ﾠmoment	 ﾠT	 ﾠ(T	 ﾠ>	 ﾠt; b	 ﾠ≥	 ﾠ0).	 ﾠThe	 ﾠtradeoff	 ﾠfor	 ﾠthe	 ﾠsubject	 ﾠis	 ﾠthat	 ﾠhe	 ﾠcan	 ﾠ
get	 ﾠmore	 ﾠmoney	 ﾠin	 ﾠexchange	 ﾠfor	 ﾠa	 ﾠlonger	 ﾠwait.	 ﾠObviously,	 ﾠthe	 ﾠdecision	 ﾠof	 ﾠwaiting	 ﾠ
(T−t) periods	 ﾠdepends	 ﾠon	 ﾠthe	 ﾠdiscount	 ﾠfactor	 ﾠδ	 ﾠand	 ﾠon	 ﾠthe	 ﾠvalue	 ﾠof	 ﾠb.	 ﾠWhen	 ﾠb	 ﾠ→∞	 ﾠ
only	 ﾠirrational	 ﾠpeople	 ﾠwill	 ﾠnot	 ﾠwait;	 ﾠon	 ﾠthe	 ﾠother	 ﾠhand,	 ﾠfor	 ﾠb	 ﾠ→	 ﾠ0, nobody	 ﾠwill	 ﾠwait.	 ﾠ
In	 ﾠour	 ﾠstudy,	 ﾠto	 ﾠelicit	 ﾠsubjects’	 ﾠtime	 ﾠpreferences	 ﾠwe	 ﾠasked	 ﾠthem	 ﾠthe	 ﾠvalue	 ﾠof	 ﾠb	 ﾠthat	 ﾠ
would	 ﾠmake	 ﾠthem	 ﾠindifferent	 ﾠbetween	 ﾠreceiving	 ﾠan	 ﾠamount	 ﾠof	 ﾠmoney	 ﾠM	 ﾠin	 ﾠone	 ﾠ
month	 ﾠand	 ﾠthe	 ﾠamount	 ﾠM-ﾭb	 ﾠtomorrow.	 ﾠSubjects	 ﾠwere	 ﾠconfronted	 ﾠto	 ﾠthis	 ﾠtask:	 ﾠ	 ﾠ
We	 ﾠoffer	 ﾠyou	 ﾠ100	 ﾠeuros	 ﾠthat	 ﾠyou	 ﾠwill	 ﾠget	 ﾠafter	 ﾠ30	 ﾠdays.	 ﾠHow	 ﾠmuch	 ﾠmoney	 ﾠ
are	 ﾠyou	 ﾠready	 ﾠto	 ﾠpay	 ﾠin	 ﾠorder	 ﾠto	 ﾠget	 ﾠthat	 ﾠmoney	 ﾠtomorrow?	 ﾠThat	 ﾠis,	 ﾠhow	 ﾠ
much	 ﾠof	 ﾠthe	 ﾠ100	 ﾠeuros	 ﾠyou	 ﾠwould	 ﾠsacrifice	 ﾠto	 ﾠget	 ﾠthe	 ﾠmoney	 ﾠin	 ﾠadvance?	 ﾠFrom	 ﾠthe	 ﾠ100	 ﾠeuros	 ﾠI	 ﾠwould	 ﾠpay	 ﾠ_____	 ﾠeuros.	 ﾠ
To	 ﾠ create	 ﾠ the	 ﾠ proper	 ﾠ incentives,	 ﾠ in	 ﾠ each	 ﾠ of	 ﾠ the	 ﾠ three	 ﾠ session	 ﾠ one	 ﾠ (out	 ﾠ of	 ﾠ 40)	 ﾠ
subjects	 ﾠwas	 ﾠrandomly	 ﾠselected	 ﾠto	 ﾠget	 ﾠpaid	 ﾠwith	 ﾠreal	 ﾠmoney.	 ﾠ	 ﾠ
Our	 ﾠsecond	 ﾠcore	 ﾠvariable	 ﾠ–pain	 ﾠanticipation	 ﾠto	 ﾠmedical	 ﾠevents-ﾭ‐	 ﾠis	 ﾠobtained	 ﾠusing	 ﾠa	 ﾠ
self-ﾭ‐reported	 ﾠquestionnaire.	 ﾠWe	 ﾠasked	 ﾠsubjects:	 ﾠ	 ﾠ
When	 ﾠyou	 ﾠknow	 ﾠyou	 ﾠare	 ﾠgoing	 ﾠto	 ﾠsuffer	 ﾠa	 ﾠpainful	 ﾠexperience,	 ﾠdo	 ﾠyou	 ﾠstart	 ﾠ
feeling	 ﾠpain	 ﾠeven	 ﾠbefore	 ﾠthe	 ﾠexperience	 ﾠactually	 ﾠtakes	 ﾠplace?	 ﾠ	 ﾠ
Observe	 ﾠthat,	 ﾠthis	 ﾠquestion	 ﾠdoes	 ﾠnot	 ﾠmention	 ﾠany	 ﾠspecific	 ﾠpain.	 ﾠThe	 ﾠindividual	 ﾠis	 ﾠ
asked	 ﾠ about	 ﾠ his	 ﾠ life	 ﾠ experience	 ﾠ in	 ﾠ general,	 ﾠ that	 ﾠ is,	 ﾠ we	 ﾠ are	 ﾠ not	 ﾠ framing	 ﾠ to	 ﾠ any	 ﾠ
particular	 ﾠevent.	 ﾠThe	 ﾠquestion	 ﾠdoes	 ﾠnot	 ﾠrefer	 ﾠto	 ﾠgeneral	 ﾠanxiety	 ﾠor	 ﾠfear	 ﾠof	 ﾠpain	 ﾠbut	 ﾠ
to	 ﾠanticipation	 ﾠof	 ﾠan	 ﾠevent	 ﾠthat	 ﾠwill	 ﾠbe	 ﾠpainful	 ﾠfor	 ﾠsure	 ﾠ(“when	 ﾠyou	 ﾠknow	 ﾠyou’re	 ﾠ
going	 ﾠto...”).	 ﾠHence,	 ﾠthis	 ﾠmeasure	 ﾠshould	 ﾠprovide	 ﾠus	 ﾠa	 ﾠlower-ﾭbound:	 ﾠthose	 ﾠsubjects	 ﾠ
who	 ﾠgive	 ﾠan	 ﾠaffirmative	 ﾠanswer	 ﾠare,	 ﾠin	 ﾠfact,	 ﾠpain	 ﾠanticipators.	 ﾠ	 ﾠ
Brañas-ﾭ‐Garza	 ﾠet	 ﾠal.	 ﾠ(2010)	 ﾠshows	 ﾠthat	 ﾠthis	 ﾠbinary	 ﾠvariable	 ﾠcorrelates	 ﾠsignificantly	 ﾠ
with	 ﾠpain	 ﾠsensitivity	 ﾠ(the	 ﾠperiod	 ﾠof	 ﾠtime	 ﾠthat	 ﾠelapses	 ﾠbefore	 ﾠa	 ﾠperson	 ﾠexperiences	 ﾠ
pain	 ﾠafter	 ﾠan	 ﾠinjury)	 ﾠbut	 ﾠit	 ﾠis	 ﾠuncorrelated	 ﾠto	 ﾠpain	 ﾠendurance	 ﾠ(the	 ﾠperiod	 ﾠof	 ﾠtime	 ﾠ
that	 ﾠ elapses	 ﾠb e f o r e 	 ﾠa 	 ﾠp e r s o n 	 ﾠe x p eriencing	 ﾠ pain	 ﾠ will	 ﾠ seek	 ﾠ relief	 ﾠ from	 ﾠ their	 ﾠ
symptoms).	 ﾠ
The	 ﾠ experiment	 ﾠ was	 ﾠ conducted	 ﾠ in	 ﾠ three	 ﾠ sessions	 ﾠ at	 ﾠ the	 ﾠ University	 ﾠ of	 ﾠ Granada	 ﾠ
(Spain)	 ﾠin	 ﾠSeptember	 ﾠand	 ﾠDecember	 ﾠ2009.	 ﾠAll	 ﾠthe	 ﾠsessions	 ﾠwere	 ﾠrun	 ﾠby	 ﾠthe	 ﾠfirst	 ﾠco-ﾭ‐
author.	 ﾠ Questionnaire	 ﾠ data	 ﾠ were	 ﾠ collected	 ﾠ from	 ﾠ 130	 ﾠu n i v e r s i t y 	 ﾠs t u d e n t s 	 ﾠ( 5 5 % 	 ﾠ
women,	 ﾠaverage	 ﾠage=24.4	 ﾠyears),	 ﾠwho	 ﾠvoluntarily	 ﾠparticipated	 ﾠin	 ﾠthe	 ﾠexperiment.	 ﾠ
The	 ﾠ subjects	 ﾠ were	 ﾠ Economics	 ﾠ and	 ﾠ Business	 ﾠ students	 ﾠ (graduate	 ﾠ students	 ﾠ and	 ﾠ
undergraduates	 ﾠin	 ﾠthe	 ﾠlast	 ﾠtwo	 ﾠyears	 ﾠof	 ﾠtheir	 ﾠdegree).	 ﾠThe	 ﾠaverage	 ﾠhealth	 ﾠstatus	 ﾠis	 ﾠ
high	 ﾠ (mean=2.81;	 ﾠ from	 ﾠ very	 ﾠ bad	 ﾠ (0)	 ﾠ to	 ﾠ excellent	 ﾠ (4);	 ﾠ no	 ﾠ subject	 ﾠ reported	 ﾠ the	 ﾠ
minimum	 ﾠlevel	 ﾠof	 ﾠhealth	 ﾠ(very	 ﾠbad)).	 ﾠ
	 ﾠ
IV	 ﾠRESULTS	 ﾠBefore	 ﾠshowing	 ﾠthe	 ﾠresults,	 ﾠwe	 ﾠshould	 ﾠmention	 ﾠthat	 ﾠ21	 ﾠ(out	 ﾠof	 ﾠ130,	 ﾠ16%)	 ﾠsubjects	 ﾠ
were	 ﾠunable	 ﾠto	 ﾠfill	 ﾠthe	 ﾠdiscounting	 ﾠtask	 ﾠproperly.5	 ﾠThey	 ﾠwrote	 ﾠsentences	 ﾠlike	 ﾠ“I	 ﾠdo	 ﾠ
prefer	 ﾠmoney	 ﾠfor	 ﾠsure	 ﾠ(in	 ﾠadvance)	 ﾠrather	 ﾠthan	 ﾠfuture	 ﾠmoney”	 ﾠ(instead	 ﾠof	 ﾠfixing	 ﾠan	 ﾠ
amount),	 ﾠor	 ﾠ“nothing”	 ﾠor	 ﾠjust	 ﾠleft	 ﾠthe	 ﾠspace	 ﾠempty.	 ﾠ
101	 ﾠ subjects	 ﾠ completed	 ﾠb o t h 	 ﾠt h e 	 ﾠpain	 ﾠ anticipation	 ﾠ and	 ﾠ the	 ﾠ time	 ﾠ preference	 ﾠ
questions.	 ﾠIn	 ﾠthe	 ﾠfirst	 ﾠquestion	 ﾠ44%	 ﾠof	 ﾠthe	 ﾠsubjects	 ﾠreported	 ﾠpain	 ﾠanticipation.	 ﾠThe	 ﾠ
amount	 ﾠof	 ﾠmoney	 ﾠthey	 ﾠwere	 ﾠwilling	 ﾠto	 ﾠsacrifice	 ﾠin	 ﾠorder	 ﾠto	 ﾠspeed	 ﾠthe	 ﾠtime	 ﾠto	 ﾠget	 ﾠit	 ﾠ
varies	 ﾠ substantially	 ﾠ across	 ﾠ subjects	 ﾠ (mean	 ﾠ=14.65;  st.dev	 ﾠ=17.91;  min	 ﾠ=0; 
max	 ﾠ=80).	 ﾠ
Figure	 ﾠ3 shows	 ﾠthe	 ﾠhistograms	 ﾠof	 ﾠthe	 ﾠwillingness	 ﾠto	 ﾠpay	 ﾠfor	 ﾠtwo	 ﾠgroups	 ﾠof	 ﾠsubjects,	 ﾠ
those	 ﾠwho	 ﾠdid	 ﾠnot	 ﾠanticipate	 ﾠpain	 ﾠ(=0)	 ﾠand	 ﾠthose	 ﾠwho	 ﾠdid	 ﾠ(=1).	 ﾠ
We	 ﾠobserve	 ﾠthat	 ﾠthe	 ﾠgroup	 ﾠof	 ﾠsubjects	 ﾠwho	 ﾠdid	 ﾠnot	 ﾠanticipate	 ﾠpain	 ﾠ(dark	 ﾠgrey	 ﾠbar)	 ﾠ
showed	 ﾠlower	 ﾠvalues	 ﾠ(higher	 ﾠδ’s)	 ﾠthan	 ﾠtheir	 ﾠcolleagues	 ﾠwho	 ﾠdid	 ﾠanticipate	 ﾠpain	 ﾠ
(light	 ﾠgrey	 ﾠbar).	 ﾠIn	 ﾠfact,	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠsubjects	 ﾠwho	 ﾠwere	 ﾠwilling	 ﾠto	 ﾠpay	 ﾠ0	 ﾠin	 ﾠorder	 ﾠ
to	 ﾠget	 ﾠthe	 ﾠpayment	 ﾠin	 ﾠadvance	 ﾠis	 ﾠmuch	 ﾠhigher	 ﾠfor	 ﾠthose	 ﾠwho	 ﾠdid	 ﾠnot	 ﾠanticipate	 ﾠpain	 ﾠ
(37%)	 ﾠthan	 ﾠfor	 ﾠthose	 ﾠwho	 ﾠdid	 ﾠ(8%).	 ﾠ
Fig.	 ﾠ3:	 ﾠHistograms	 ﾠof	 ﾠImpatience	 ﾠby	 ﾠpain	 ﾠanticipation	 ﾠ
	 ﾠ
These	 ﾠ results	 ﾠ illustrate	 ﾠh o w 	 ﾠp a i n 	 ﾠa n t i c i p a t i o n 	 ﾠand	 ﾠ impatience	 ﾠa r e 	 ﾠp o s i t i v e l y 	 ﾠ
correlated.	 ﾠ The	 ﾠ Kolmogorov-ﾭ‐Smirnov	 ﾠ test	 ﾠ reports	 ﾠ the	 ﾠ same	 ﾠ result	 ﾠ (Z=0.41;	 ﾠ
p−value	 ﾠ=0.00).	 ﾠ In	 ﾠ sum,	 ﾠ subjects	 ﾠ belonging	 ﾠ to	 ﾠ both	 ﾠ categories	 ﾠ do	 ﾠ not	 ﾠ behave	 ﾠ
similarly,	 ﾠthat	 ﾠis,	 ﾠthey	 ﾠare	 ﾠnot	 ﾠdrawn	 ﾠfrom	 ﾠthe	 ﾠsame	 ﾠpopulation.	 ﾠ	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	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 ﾠ	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5	 ﾠPayment	 ﾠcards	 ﾠ(an	 ﾠalternative	 ﾠelicitation	 ﾠdevice	 ﾠwhere	 ﾠsubjects	 ﾠface	 ﾠa	 ﾠsequence	 ﾠof	 ﾠscenarios)	 ﾠ
usually	 ﾠproduce	 ﾠa	 ﾠsimilar	 ﾠrate	 ﾠof	 ﾠinconsistencies	 ﾠ(around	 ﾠ20%).	 ﾠTherefore,	 ﾠwe	 ﾠmay	 ﾠconclude	 ﾠthat	 ﾠpresent	 ﾠoriented	 ﾠindividuals	 ﾠare	 ﾠmore	 ﾠprone	 ﾠto	 ﾠ
suffer	 ﾠpain	 ﾠin	 ﾠadvance.	 ﾠ
	 ﾠ
V	 ﾠDISCUSSION	 ﾠ
This	 ﾠ paper	 ﾠ shows	 ﾠ that	 ﾠ anticipatory	 ﾠ pain	 ﾠ is	 ﾠ related	 ﾠ to	 ﾠ time	 ﾠ discounting.	 ﾠ In	 ﾠ the	 ﾠ
medical	 ﾠliterature	 ﾠpain	 ﾠanticipation	 ﾠis	 ﾠattributed	 ﾠto	 ﾠanxiety	 ﾠ(Colloca	 ﾠ&	 ﾠBenedetti,	 ﾠ
2007).	 ﾠWe	 ﾠrationalize	 ﾠpain	 ﾠanticipation	 ﾠconsidering	 ﾠthat	 ﾠsubjects	 ﾠvalue	 ﾠnot	 ﾠonly	 ﾠ
their	 ﾠpresent	 ﾠwellbeing	 ﾠbut	 ﾠalso	 ﾠtheir	 ﾠfuture	 ﾠhealth	 ﾠstatus.	 ﾠSince	 ﾠsubjects	 ﾠdiffer	 ﾠin	 ﾠ
their	 ﾠtime	 ﾠpreferences,	 ﾠwe	 ﾠfind	 ﾠthat	 ﾠsome	 ﾠindividuals	 ﾠweight	 ﾠmainly	 ﾠthe	 ﾠprospect	 ﾠ
of	 ﾠpain	 ﾠassociated	 ﾠto	 ﾠa	 ﾠmedical	 ﾠprocedure	 ﾠand	 ﾠdiscount	 ﾠheavily	 ﾠthe	 ﾠfuture	 ﾠbenefits,	 ﾠ
while	 ﾠ others	 ﾠ have	 ﾠ a	 ﾠ higher	 ﾠ discount	 ﾠ factor	 ﾠ (δ)	 ﾠ and	 ﾠ weight	 ﾠ highly	 ﾠ the	 ﾠ future	 ﾠ
benefits.	 ﾠIn	 ﾠthis	 ﾠframework	 ﾠanxiety	 ﾠcould	 ﾠbe	 ﾠthe	 ﾠconsequence	 ﾠof	 ﾠtime	 ﾠpreferences	 ﾠ
which	 ﾠassign	 ﾠa	 ﾠhigh	 ﾠvalue	 ﾠto	 ﾠa	 ﾠpainful	 ﾠevent	 ﾠwhich	 ﾠis	 ﾠclose	 ﾠin	 ﾠtime.	 ﾠ
An	 ﾠ interesting	 ﾠ avenue	 ﾠ for	 ﾠ further	 ﾠ research	 ﾠ is	 ﾠ suggested	 ﾠ by	 ﾠ recent	 ﾠ work	 ﾠ in	 ﾠ
Neuroeconomics	 ﾠ(Fehr,	 ﾠ2002;	 ﾠMcClure	 ﾠet	 ﾠal.,	 ﾠ2004,	 ﾠ2007).	 ﾠWhen	 ﾠan	 ﾠintertemporal	 ﾠ
choice	 ﾠincludes	 ﾠan	 ﾠimmediate	 ﾠreward,	 ﾠlimbic	 ﾠreward-ﾭ‐related	 ﾠareas	 ﾠshow	 ﾠgreater	 ﾠ
activity	 ﾠthan	 ﾠwhen	 ﾠthe	 ﾠalternatives	 ﾠinclude	 ﾠonly	 ﾠdelayed	 ﾠrewards.	 ﾠIn	 ﾠcontrast,	 ﾠthe	 ﾠ
lateral	 ﾠprefrontal	 ﾠand	 ﾠparietal	 ﾠcortex	 ﾠ(areas	 ﾠcommonly	 ﾠassociated	 ﾠwith	 ﾠdeliberative	 ﾠ
cognitive	 ﾠ processes,	 ﾠ including	 ﾠ future	 ﾠ planning)	 ﾠ do	 ﾠ not	 ﾠ exhibit	 ﾠ sensitivity	 ﾠ to	 ﾠ
immediacy	 ﾠalthough	 ﾠthey	 ﾠreact	 ﾠto	 ﾠintertemporal	 ﾠchoices	 ﾠin	 ﾠgeneral.	 ﾠPeople	 ﾠwith	 ﾠ
greater	 ﾠactivation	 ﾠin	 ﾠthe	 ﾠlimbic	 ﾠrewards	 ﾠregion	 ﾠare	 ﾠmore	 ﾠpresent	 ﾠoriented	 ﾠ(Hariri	 ﾠ
et	 ﾠal.,	 ﾠ2006).	 ﾠ
This	 ﾠliterature	 ﾠhas	 ﾠalso	 ﾠdealt	 ﾠwith	 ﾠnegative	 ﾠrewards	 ﾠ(Knutson	 ﾠand	 ﾠPeterson,	 ﾠ2005),	 ﾠ
relevant	 ﾠ to	 ﾠ our	 ﾠ research	 ﾠ on	 ﾠ pain	 ﾠ anticipation.	 ﾠ It	 ﾠ has	 ﾠ been	 ﾠ suggested	 ﾠ that	 ﾠ the	 ﾠ
expectation	 ﾠ of	 ﾠ losses	 ﾠ does	 ﾠ not	 ﾠ activate	 ﾠ the	 ﾠ same	 ﾠ areas	 ﾠ of	 ﾠ the	 ﾠ brain	 ﾠ that	 ﾠ the	 ﾠ
expectation	 ﾠof	 ﾠgains.	 ﾠKuhnen	 ﾠand	 ﾠKnutson	 ﾠ(2005)	 ﾠshowed	 ﾠthat	 ﾠthe	 ﾠprospect	 ﾠof	 ﾠa	 ﾠ$5	 ﾠ
gain	 ﾠactivated	 ﾠthe	 ﾠnucleus	 ﾠaccumbens,	 ﾠwhile	 ﾠthe	 ﾠanticipation	 ﾠof	 ﾠa	 ﾠ$5	 ﾠloss	 ﾠdid	 ﾠnot.	 ﾠ
The	 ﾠpossibility	 ﾠof	 ﾠa	 ﾠnegative	 ﾠreward	 ﾠgenerates	 ﾠgreater	 ﾠoverall	 ﾠbrain	 ﾠactivity	 ﾠand	 ﾠ
slower	 ﾠresponse	 ﾠtimes	 ﾠthan	 ﾠin	 ﾠthe	 ﾠcase	 ﾠof	 ﾠa	 ﾠpositive	 ﾠreward	 ﾠ(Camerer,	 ﾠ2003;	 ﾠSmith,	 ﾠ
et	 ﾠal.,	 ﾠ2002).	 ﾠIntertemporal	 ﾠ decisions	 ﾠ are	 ﾠ important	 ﾠ in	 ﾠ Economics	 ﾠ and	 ﾠ individuals	 ﾠ show	 ﾠ
heterogeneity	 ﾠ on	 ﾠ how	 ﾠ they	 ﾠ take	 ﾠ decisions	 ﾠ in	 ﾠ this	 ﾠ respect.	 ﾠ This	 ﾠ heterogeneity,	 ﾠ
which	 ﾠcould	 ﾠbe	 ﾠdue	 ﾠto	 ﾠa	 ﾠdifferent	 ﾠfunctioning	 ﾠof	 ﾠthe	 ﾠrelevant	 ﾠareas	 ﾠin	 ﾠthe	 ﾠbrain,	 ﾠis	 ﾠ
formalized	 ﾠ through	 ﾠ differences	 ﾠ in	 ﾠt h e 	 ﾠd i s c o u n t 	 ﾠf a c t o r . 	 ﾠOur	 ﾠ experimental	 ﾠ results	 ﾠ
suggest	 ﾠa	 ﾠrelationship	 ﾠbetween	 ﾠsuffering	 ﾠand	 ﾠanxiety	 ﾠprior	 ﾠto	 ﾠmedical	 ﾠprocedures	 ﾠ
and	 ﾠdiscounting,	 ﾠand	 ﾠwe	 ﾠprovide	 ﾠa	 ﾠframework	 ﾠto	 ﾠrationalize	 ﾠpain	 ﾠanticipation.	 ﾠ	 ﾠ
	 ﾠ
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